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Abstract 
There are many experiments on cosmic rays located in different countries; sometimes they use muon telescopes assembled by 
students and teachers of secondary schools, with a clear added value from the educational point  
of view. In Italy, one of them, is located at High School "E. Fermi" in Catanzaro, which is involved in the Extreme Energy 
Events (EEE) project, a national project carried out by a collaboration of several research institutes.  
This paper reports about one of the educational activities carried out with the students of high school “E. Fermi”, related to the 
concept of “noise” affecting scientific experiments.  
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1. Introduction 
The experiment on the cosmic rays offers a unique opportunity to the students, during their educational iter, because 
they have the possibility to come into contact with the world of the scientific search, to learn further scientific 
concepts that often result of difficult understanding, concepts that thanks to the educational activity in the 
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laboratory, become simpler and enjoyable from all students, also students considered less careful or lazy.           
The experiment on the cosmic rays has given a lot of opportunities of growth to the students of High school “E. 
Fermi”, both from the scientific point of view and from the purely formative one. A lot of didactic activities were 
born as soon as that it proceeded with the assembling and commissioning of the telescope used for the revelation of 
muons in the school laboratory, as for instance, the activity related to the presence of "noise" that always is present 
in scientific experiment.  
Shortly, this educational experience has articulated in 4 steps: 
1. Recording of the events through opportune system of acquisition  
2. The noise's evaluation that is found  
3. Possible solutions to reduce the noise.  
4. Description of all the procedures followed during the job. 
Before to go on, however, in the description of the 4 steps, it results necessary, for love of clarity and completeness, 
to give a brief description of the telescope used for studying the cosmic rays. 
 
 
 
Fig. 1.  
Description of MRPC chamber constituting the telescope for cosmic rays 
1.1MRPC description 
The telescope is composed by three Multigap Resistive Plate Chambers (MRPCs), characterized by an active area of 
about 2 m2. The MRPCs used, shown in Fig.1, have six gaps obtained by a stack of glass plate spaced 300 ȝm each 
by means of commercial fishing line, and characterized by a volume resistivity of about 1013 ȍcm. The outer glass 
plates are coated with graphite painting, in order to be able to apply the high voltage and obtain the desired electric 
field in the gas gaps; when an ionizing particle passes through the gas, it creates a certain number of primary ion-
electrons pairs, which are amplified in the usual avalanche process and finally induce a signal on the external 
readout strips. The gas filling the gaps is a mixture of C2H2F4/SF6 98/2, while each MRPC is equipped with 24 
copper strips 160 cm long, having a pitch of 3.2 cm. The particle impact point is reconstructed by the hit strip in one 
direction, and by the signal arrival time difference at the strip ends in the other direction. At the operating voltage of 
18 kV, the measured MRPC efficiency is typically 95% and the time resolution is of the order of 100 ps, so that strip 
dimension, and time differences provide a spatial resolution of about 1 cm in both coordinates. The signals coming 
from the front-end cards are collected and processed when a triple coincidence of the MRPCs generates the trigger 
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for the data acquisition. The absolute time of each event, necessary to spot coincidences between events recorded at 
different sites, is obtained by means of a Hytec GPS VME module. With an instrument so complex, the assembling 
and commissioning, offer clearly suggestions for different educational activities. What follows is a description of the 
educational activity coming from the problem "noise" encountered during the experimental activity, which can be 
described in four steps. 
2. Step1: Events recorded by acquisition system 
As already said, the signal is picked up by the strip of copper suitably connected to an acquisition system. The 
acquisition of the events and the subsequent processing is carried out by means of an appropriate software. An 
event, at least, is given by one hit (signal) to MRPC, but if the hits are not aligned, then it is "noise." We must, 
therefore, distinguish between hits and event, in fact, many can be hit by Noise (Fig. 2). 
 
Fig. 2 
Difference between event and hit 
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Fig. 3 
Red dots indicate the hit. At the center, the blue lines indicate the strips which have produced an electrical signal (hit).  On the right, the red 
squares indicate the strip on. The cyan lines indicate that an electrical signal is on that strip, but it is only detected by one of the side of the 
MRPC. 
 
When, instead, the electrical signal comes only from a part of MRPCs and not from both sides, the software 
indicates the half-strips with cyan color (fig.2 and fig.3)  
So, looking at this, the students have wondered how this was possible and why. 
 
From the discussion that followed, it was concluded that the fact could be explained by saying that it could be a 
“noise”, or it could have been a fake electrical contact on the receiving channel of the data acquisition card.  
The strip in blue instead indicates that the electrical signal has arrived, both right and left of the chamber, but there 
is no trace rebuilt.  
Then the second question was:  
Why is not indicated the event?  
The possible conclusion was the following: it’s possible that from data processing, a hit is off the strip (ie, between 
one strip and an other, or at the end of the chamber), so if the program is well configured, it will not indicate an 
event, but only a noise. 
3. Step 2: Evaluation and analysis of “noise” problem 
Students are documented on what is “noise” and thus have learned that it defines a general noise, a disturbance 
signal originated from different causes. They have learned that ”noise” can be external (natural like solar noise, 
cosmic noise, etc.. ,or caused by interference with external source), i.e. originated from sources extern to the 
electrical circuits considered, or internal noise, i.e. originated from physics phenomena occurring inside the 
apparatus. Students have discovered that in the majority of cases the noise is generated by a set of factors that act in 
a purely random way and it can only be partially eliminated. 
If we have an external “noise” it is necessary to identify the causes and isolate the system from them. If “noise” is 
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internal, it is necessary to act on the physical characteristic of circuital elements.  
Consequently, students have concluded that “noise” is an indesiderate form of energy recorded with the signal that 
we want detect. 
 
Then, the students have proceeded with an initial noise analysis, which was performed using the software Histogram 
Builder that analyzes the captured files, showing them as histograms.  
It allows to analyze the signals from the six FEA cards, that are mounted on the MRPC chambers, and from each of 
the two TDC modules, i.e. modules that convert a time  value in number, in the associated electronics. At each 
channel of the FEA cards corresponds to a strip.  
Here is the correspondence Channel o Strip  
 
TDC1:   128 channels 
0 – 23 CH1 Right   o MRPC 1 right side 
32 – 55   CH1 Left     o MRPC 1 left side 
64 – 87  CH3 Right    o MRPC 3 right side 
96 – 119 CH3 Left     o MRPC 3 left side 
 
TDC2:  64  channels 
0 – 23  CH2 Right  o MRPC 2 right side 
32 – 55   CH2 Left    o MRPC 2 left side 
 
Once clear the correspondence, looking at Histogram Builder screen, it can understand that the MRPC2 is very 
noisy (Fig.4), in fact, on a file of 1000 events, the strip number 9 ( x-axis) is on for 600 times (y-axis), i.e. for each 
event on MRPC2 are on many strips together, instead of one strip as in the ideal case. The MRPC3 shows a few 
noisy strip and the MRPC1 responds poorly (Fig.4). 
The same software provides the multiplicity (Fig.5), i.e. the number of strips that give a signal in every chamber for 
event. One particle that passes through the telescope, should induce a signal on a single strip, at most on two, if the 
particle were to pass through the area between two strip.  
In the ideal case, without noise, the graph should show, for every MRPC chamber (right and left FEA cards), one hit 
for event (a peak on value 1 or also 2).  
The multiplicity distribution with peaks on the higher values, is indicative of strong noise component, while 
distribution on zero value indicates that some channels are “died”, i.e. with internal problem of detection. 
                 
   
                                          Fig.4                                                                                                        Fig. 5 
Histograms from Histogram Builder.                                              The software shows the multiplicity for MRPC chambers  
The upper part of the screen shows the channels for MRPC1  
and MRPC3, right and left, in the bottom at left,  
the same for the MRPC2 
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4. Step 3: Brainstorming – possible solutions 
 
The students have followed these points: 
 
x Identify what conditions are necessary  in order to remove possible causes 
x Identify anything that might limit a solution, such as cost, availability of materials, safety, etc…. 
x Read up on actions and measures that others have adopted 
x Hold discussions for new ideas and proposals for solutions. 
x Choose the resulting possible procedure 
From these points is followed that the effect of electromagnetic noise on the circuit could be reduced by means a 
screening system. 
With the certainty of not being able to remove the causes permanently, it was concluded that, in order to minimize 
the effects, one could take some of the countermeasures listed below: 
1. Reduce the length of transmission cables 
2. Use shielded cables 
3. Do the grounding of all parts of the telescope 
4. Do not use the same power supply for MRPC chambers and FEA cards 
5. Arrange the cables so that they not intertwine each other 
6. Place, as much as possible, the power supply away from the MRPC chambers and from transmission cables 
7. Build appropriate box for the shielding the FEA cards 
 
5. Step 4: procedure followed 
The actions taken from the students are the following: 
x The MRPC chamber are connected each other with copper wires  
x Between terminals Amphenol, in correspondence of FEA cards and the metal box of the same 
chamber, was set scotch copper (Fig.6). 
x Amphenol terminals, that are located in correspondence of the TDC modules, were placed in common 
between them and with the same crate, always with the scotch copper, and grounding. And again with 
the metal support of the chamber, which are grounded via a copper braid (Fig.7 – Fig.8).  
In this way the acquisition of  "good" event (good track) is improved, although there are limits. In fact, the 
countermeasures indicated in the previous points 4-6-7 can not always be taken, for example, due to lack of 
materials, costs to be incurred,  
 
 
 
Fig. 6 
Copper scotch connects the metal box of MRPC to Amphenol terminal for FEA card 
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Fig.7 
Copper scotch connects Amphenol terminal, for the TDC modules, each other, also with the same crate, and with the ground, that is shared with 
that of the chambers 
  
 
Fig.8 
The copper braid that connects the MRPC with the ground 
 
Conclusion 
 
The work described was used as a educational tool, and in the awareness of the complexity of educational processes, 
it focuses on certain issues that are often poorly treated in traditional programs. The discussions on the problems 
encountered by the students, showed a clear and true assimilation of the concept of “noise”, demonstrating that the 
experimental activity is fundamental for the understanding of topics that would otherwise remain only abstract 
concepts. This activity has therefore allowed us not only to investigate the physics of cosmic rays and particle 
detectors, but has stimulated the curiosity and creativity of other issues, resulting in scientific and technological 
learning improvement. 
 
Acknowledgements 
Tanks go to the students, teachers and the headteacher of High School “E. Fermi”, Catanzaro Lido (Italy) for their 
participation and work with enthusiasm.  
 
References 
"Il progetto EEE"  http://www.centrofermi.it/eee/ 
A. Zichichi “Progetto la scienza nelle scuole”,  2012 
ICRC '07,  “Multigap Resistive Plate Chambers for EAS study in the EEE project”,2007. 
G.V. Pallottino   "Il rumore elettrico- dalla fisica alla progettazione", Springer, 2011  
http://www.ilmondodelletelecomunicazioni.it/ 
http://home.deib.polimi.it/svelto/didattica/materiale_didattico/ 
